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A bstr a et
N-GaPノAu-Ge system ha s be en in v e stigated a sthe pa r a m et r s of Ge c o nte nt, sinte ring
te mpe r atu r e a nd do n o r c o n c e ntr atio n. Ge r m a niu m c o nte nt betw e e n0.08wt% a nd 1,4w t% is
optim al for ohmic c onta cts . T he optim u m sinte ring te mpe r atu r e r a nge sfr o m 500
o
C to 530
o
C .
T he spe cific c o nta ct r e sista n c ebetw e e n4.0 X 10-
4E2. cm
2
a nd 815 X 10-4E2. cm2 w a s repr odu cibly
a chie v ed fo rn-Gap withdonor c onc entration rangl ngfr o m2.1XIO
17
cm-3 to lox IO17cm131
Key w o rds 二GaP, ohmic co nta ct, Au-Ge, spe cific c onta ctr esista n c e
lntr odu etio n
Fo r effic e nta nd r eliable ope r atio n ofele ctr olu min e s c e ntde vic e s,itis e s s e ntialto u s e ohmic
c o nta ct with lo w r e si ta n c e. Expe rim e ntalr e s ults o n n-G aA sIAu-G elN ic o nta ct syste m , which
c o n si ts ofa Au-G elaye rdepo sited o n n- GaAs s ubstr ate a nd N i laye r c o v e ring the Au-Gelaye r,
ha v ebe en r epo rted by s ev e r al utho r s.
く1ト く61
Espe cially, the Au-Ge e ute ctic く12wt% Gel c o nta ct
with a s m alla m ount of N iく5wt% 1pr e s e nts e x c elle ntpr ope rtie s, s u ch a s n oballing,lo w c o nta ct
r e sista n c e a nd high r eliability . 工n this c o nta ct, Au a cts a s aba s e m etal a nd Ge a s adopa nt. T he
N i laye rim pr o v e s w ettability ofthe c o nta ct to the s ubstr ate a nd pr e v e nts itfr o mballing
く31 that
ha sbe e nfr equ e ntly obs e r v ed in the c o nta ct witho ut N i laye r. T he balling ofthe Au-Gelaye ris
clo s ely r elatedto the Ge c o nte nt.
Au-Sialloy l S u s eful a s a c o nta ct m ate rial fo r n-ty pe s e mic o ndu cto r s. T he e v apo r atio n
te mpe r atu r e of Au a nd Sia r e1397
o
C a nd 16 32
o
C , r e spe ctiv ely . In the e v apo r atio n ofthe A u-Si
alloyfr o m atu ngste nbo at, Au e v apo r ate sfir st a ndthe nSie v apo r ate s. Fu rthe r m o r e, Si is e a sily
alloyed withthe tu ngste nbo at. On the c o ntr a ry, the e v apo r atio n te mper atu r e of Ge is the s a m e
a sthat of Au . Fo rtu n ately, Ge do e s n ot r e a ct w主tb the tu ngste n bo at. Co n s equ e ntly, the Au-Ge
alloy lS ap pr opriatein the c o nta ctfabric atio npr o c e s s. In the pr e s e ntpape r, the ap plic ability of
Au-Ge c o nta ct to a-Gap witho ut N i laye risin v e stlgated .
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Expe rim e ntal
N-Gap s ubstr ate s with do n o r c o n c e ntr atioヮ of 2.1-loxIO
17
c m-3 w e r edegr e a s ed a nd the n,
im m e r s ed fo r30s e cin ahotく90
o
CI s olutio n of H2S O4 a nd 31% H202 in a r atio of 3こ 1. A fte r
rin singin deio niz ed w ate r, the s ubstr ate s w e r e etched fo r2 min in a s olutio n of H Cla nd H N O3in
a r atio of 3こ 1at55
o
C, follo w ed by rin s ed in deio niz ed w ate r aga i n, A fte rpu mpl ng do w nto the
pr es s u r e of 4xlOA5 pa , a 4000A of Au-Gelaye r w a sdepo sited o nto the Gap s ubstr ate sfr o m a
tu ngste nbo at wh ich w a spla c ed 23cm belo w the s ubstr ate s. Depo sitio n w a spe rfo r m ed at the
pr e s s u r e of le s stha n 1.3XIOJI pa . substr ate te mpe r atu r e w a s m aintain ed at 150
o
C du ring the
depo sitio n.
T he Au-Gelaye rdepo sited w a s etched in a m ultidotpatte r nin which a Au-Ge c o nta cthad 80
FL m dia m ete r a nd 200FL m s epa r atio n. T he s ubstr ate s w e r ethe n sinte r ed fo r10minin theflo w lng
dry-a rgo n a mbie ntin a n ope n-tubefu r n a c e. S inte rl ngte mpe r atu r e W a s n ot C O n Sta nt du ring this
pro c eduresit take s abo ut8 min to be heated up to the pr edete r min edte mpe r atu r e a nd abo ut7 min
to be c o oledto belo w 10 0
o
C . A fte rthe sinte ring, m etal pr obe s w e r epla c ed o npair s of adja c e nt
c onta cts and エ Vー chara cteristic s w e r ein spe cted o rュ a n O S Cillo s c ope fo rlin e a rity, sym m etry
with r e spe ct to the dir e ctio n ofap plied v oltage, a nd total r e sista n c e. T he total r e sista n c e c a nbe
e xpr e s s ed a sthe s um ofthe spre ading re sistance due to the n o nlin e a rity ofthe pote ntialu nde rthe
c o nta ct
,
the c o nta ct r e sista n c e at the c o nta ct-s ubsta r ate inte rfa c elaye r, the r e sidu al r e sista n c e
du eto the Gap s ubstrate , and the re sista nc e ofthe probe syste m . T hela str e sista n c e, which isO.32
E2 fo rthe pr e s e nt syste m , c a nbe m e a s u r ed indepe nde ntly a nd s ubtr a cted fr o mthetotalr e sista n c e.
工n the c alc ulatio n ofthe c o nta ct re sistanc e, boththe spr eading r esista n c e a nd r e sidu al r e sista n c e
w e r e n egle cted. T he e r r o rintr odu c ed by thistr e atm e ntisle s stha n6.5%.
Re s ults a nd D is c u s sio n
Figu r e1 pr e s e nts the depe nde n c e orthe spe cific c o nta ctr e sista n cくthe c o nta ct-r e sista n c e m ulti-
plied byits a r e alo n Ge c o nte ntin Au-Ge c o nta ct.く7う Itisfo undthat the c o nta cts with Ge c o nte nt
le s stha n0.04wt% ha v ela rge spe cific c o nta ct r e sista n c e s. M o r e o v e r, the s e c o nta cts pr e s e ntrlO n-
obmic cha r a cte ristic s. T hein c r e a s e ofthe spe cific c o nta ct re sistanc e with de cre asing Ge c o nte nt
in this r egl O nis du eto thela ck of Ge . 王n othe r w o rd, the c o nta cts c o uldn ot s up ply e n o ugh Ge to
dope he a vily the G ap s u rfa c e. T hein cre a s e ofthe spe cific co nta ct r e sista n c eis als ofo u nd in the
c o nta cts with Ge c o nte ntgr e ate rtha n2wt% . Itisfo u nd fr o m mic r o s c opic obs e r v atio n, a s sho w n
in Fig.2, that the balling ofthe c o nta cts be c o m e r e m a rkable with incre a slng Ge c o nte nt. As a
re s ult, the c o nta cts do e s n ot s upply e n o ughGe to the s ubstr ate s. T he balling m ay be c a u s ed by
po o r w ettability ofthe c o nta ct withノ1a rge Ge c o nte nt to the Gap s ubstrate . Fo rthis r e a s o n, the
spe cific c onta ct re sistancein c r e a s e s with in c r e a sing Ge c o nte nt. 工n the c a s e ofthe pr e s e ntc o nta ct,
the optim u m c o nte nt of Ge r a nge sfr o m0.08wt% to 1.4wt% . Itis als ointe r e sting that the specific
c o nta ctre sistanc e within this rangeis alm o stindepe nde nt of Ge c o nte nt.
Figu r e s3 a nd 4pr e s e nt the spe cific c o nta ct r e sista n c e v e r s u s sinte ring te mpe r atu r e a sthe
pa r a m et r s of Ge c ontentand donor c once ntr atio n, r e spe ctiv ely . Itisfo u nd fr o m Fig.3that whe n
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Fig. 1. T he spe cific c o nta ctre sistan ce v e r s u sGe c o nte ntin Au-Ge c o nta ct.
Sinte ring w a s c arried o utat 510
o
C fo r10min . N,s m a rked n e a rthe c u r v e s
sta nd fo r n o n10hmicI-V characte ristic s.
the sinteringl Spe rfo r m ed at a te mpe r atu r ehighe rtha n500
o
C , the spe cific c onta ct r e sista n c efo r a
fix ed do n o r c o n c entr atio nisindepe ndent on Ge c o nte nt. Figu r e4 indic ate sthat the spe cific c o n
-
ta ct r e sista n c e at a fix ed Ge c o nte nt de c r e a s e s a sthe do n o r c o n c e ntr atio nincre a s e s. It is c o n-
cluded fr o mthe s e r e s ults that the optim u m sinte ring te mpe r atu r e r a nge sfr o rri 500
o
C to 530
o
C .
Fr o mthe devic epe rfo r m a n c epoint ofvie w, ho w e v e r, the sinte ring tem per atu r eis de sir able a s
lo w a spo s sible.
T he spe cific c o nta ct r e sista n c eis plotted a s afu n ctio n ofthe r e cipr o c alof squ ar e-r o ot ofthe
do n o r c o n c e ntr atio n, a s sho w nin Fig .5. In thethe r mio nic-fielde mis sio n the o ry ,
く81
the r atio k T
JE. .is sho w nto be a m e a s u r e oftheim po rta n c e ofthe the r mionic emissio n r elativ etothethe r mi-
o nic-fiel dtu n n eling, where E. . - くqh147TlくNDlm ホ e s e ol
l, 2
a nd qis the ele ctr o nic cha rge, h
Pla nk
,
s c o n st ant, N, the do n o r c o n c e ntr atio n, m
ホ the effe ctiv e m a s s ofthe tun neling ele ctr o n,
e s the static diele ctric c onstant ofthe s e mic o ndu cto r a nd e o the pe r mitivlty Of fr e e spa c e. Sub
-
stituting m
. - 0.35m oく
9l
, E s
- lle o ,
く10l
a nd T- 300 K, the r atio k TノEo oha s av alu ele s stha n 2XI
0-5fo rthe s ubstr ate withthelo w e stdon o r c o n c e ntr atio n a m o ng tho s e u s ed in the pr e s e nt study .
T he r efo r e, thetu n n eling pr o c e s s m ay be e xpe cted a sthe c u r r e nt tr ansport m e chanis m . M o r e o v er
the spe cific c onta ct re sista n c ep c is giv e nby p c
- e xpくO BノN D
lノ 2l, whe r eO Bis the ba r rie rheight
at the c o nta ct-s e mic o ndu cto rinte rfa c e. T helin e a r r elationship, a s sho w nin Fig.5 s ug ge sts that
the c a r rie rtu n n eling thro ughthe pote ntial ba r rie ris do min a nt m e cha nis m which r e stricts the
c o nta ct r e sista n c e.
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Su m m a ry
Au-Ge w a s e x a min ed c o n c e r n l ng Oh mic c o nta ct to n-Gap . T he spe cific c o nta ct r e sista n c e
w a s m e a s u r ed a sfu n ctio n s of Ge c o nte nt, sinte ring te mpe r atu r e, a nd do n o r c o n c e ntr atio n. T he
e xpe rim e ntalr e s ults c a nbe s u m m a riz ed a sfollo w s ニ
くalGe c o nte ntbetw e e n0.08wt% a nd 1.4wt% is optim al fo r ohmic c o nta cts.
くblT he optim u m sinte ring te mpe r atu r e r a nge sfr o m500
o
C to 530
o
C .
くcI T helo w e st spe cific c o nta ctr e sista n c e of 8.5XIOJ4E2. cm2 w a s obtain ed fo rthedo n o r c o n c e nt-
r atio n of 2.1XIO17c m-3 .
くdlT he m e cha nis m ofc u rr e nt tr a n spo rtis w elle xplain ed by the c a r rie rtu n n eling thr o ughthe
pote ntial ba r rier .
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Fig. 3. T he spe cific c o nta ctr e sista n c e v ers u s sintering tem pe r atu r e a s apa r a m et r of
Ge c o nte nt. N
,
s m a rked n e a rthe c urv e s sta ndfor non-ohinic ト V cha r a cte ristic s.
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Fig. 4. T he spe cific C ontact r e sista n c e y e r s u s sinte ringte mpe r atu r e a s apa r a m et r of
do n o r c o n c e ntration N D .
.
N,s m arked ne ar the c u r v e s sta nd fo r n o n
-
ohmic I-V
ebara cteristic s.
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Fig. 5. T he spe cific c onta ctre sistanc e v ers u sthe re cipro c alofthe squ are-ro ot of
donor c onc entration as a para m eter ofGe c ontent. Sintering w a s c ar ried
o utat510
o
C fo r10min .
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